Introduction.
The dynamic simulation of Josephson tunnel devices uses extensively the model of the resistively shunted junction with capacitance or RSJC model [1, 2] . This model is simple and gives fast computations with standard circuit simulators (SPICE, ASTEC). It allows usually an efficient modelling of Josephson tunnel junctions in complex circuits with a satisfactory accuracy. However several works reviewed in [3] [5] . The [6, 7] . Numerical calculations have been made mainly at the scale of the single device [8] [9] [10] [11] . They could be extended hardly to logic gates and even less to more complex circuits.
Starting from a suggestion by Larkin and Ovchinikov [7] we have developed an extension of the RSJC model which is a first order series expansion of the time dependent Josephson equation [11] . It [7, 13] . We reproduce equation (8) of [7] in a slightly modified form which underlines the formulation of the integral versus time of the voltage V(t') accross the junction.
The symbols are defined similarly as in [7] : RN is the junction resistance per unit area in the normal state and G1,2 and F1,2 are the Green functions for superconductors separated by a potçntial barrier when no extemal field is applied. We have adopted the sign conventions discussed in detail by Harris [8] for the different Josephson current components so that the real and imaginary parts of the Josephson current in equation (1) Simplifications occur in equation (1) for slowly varying electrical quantities I(t), V(t) with characteristic frequencies small compared to the energy gap frequency of the superconductor (2,do). It was pointed out in [7, 10, 13] [8] [9] [10] and then extended to the time domain [11] . Although Gayley [14] showed that some truncation could be done in numerical calculations, the major problem of this approach is to require long computer time and large memory space to simulate a single junction. This makes unconvenient their extension to logic gates and circuits.
The development of a series expansion (S.E.) of equation (1) was originally suggested by Larkin and Ovchinikov [7] but was never exploited to our knowledge. We found that the first order series expansion in time of equation (1) Using equation (6) in equation (1) (27) in [7] ). Their analytical derivatives have been crosschecked with numerical calculations starting with Harris formulae [8] . However the physical rounding of the Riedel peak [17] [12] .
We now turn to the validity of the S.E. and remind first the assumptions at the basis of (Eq. (1)). We have performed an evaluation of the second order terms in the series expansion of V(t). The (~2 V/~t2) derivative terms bring the following contribution to be added in equation (7),
The third derivatives of the current components in equation (10) are also tabulated in table 1 for the niobium-lead technology.
The numerical calculation of equation (10) (Fig. l b-c) fits in each case the junction intrinsic speed characterized with the RN C product. Figures 1 b and 1 c also define the main characteristic times of interest in the switching process, the turn-on-delay tod and the total switching time tt. The amplitude of the Josephson oscillation is small (Fig. lb) The comparison of the RSJC and S.E. models is illustrated with plots of the ratios of the characteristic times of both models (ts./t.,,c). This is done both for the total switching time tt and the turn on delay tod as a function of the Mc Cumber parameter fl. The junction loading condition (RL/RN) is taken as a parameter. waveform (see Ref. [11] ). Figures 1 b and 1 [15] . The [15] . Appendix AMPLITUDE OF THE VOLTAGE OSCILLATIONS AT THE GAP VOLTAGE. - We use equation (16) of reference [6] with the sign conventions of Harris [7] . 
